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Comment on: “Hawking Radiation from
Ultrashort Laser Pulse Filaments”
In a recent paper [1] Belgiorno et al claimed to have
observed the analog of the Hawking effect created by light
pulses in silica glass because of the detection of radiation
in a frequency range in which what they called “phase
horizons” existed. Unfortunately, while the observations
are very interesting, the cause of the radiation is not
understood, and we feel it is not justified to call this
a detection of the Hawking effect in an analog system.
The Hawking effect is the observation of thermal ra-
diation (with the temperature being determined by the
geometry) from a time independent system, in which the
radiation is caused by the (quasi) exponential tearing
apart of the waves in the vicinity of the horizon. (This
applies to black hole horizons, for white holes it would be
the time-reversed process, i.e., squeezing of waves.) Since
the part of the (torn apart) wave-packet beyond the hori-
zon can have negative energy, the other part may acquire
positive energy and constitutes the Hawking radiation.
Out of these five conditions, only the last one (i.e., the
negative energy beyond the “phase horizon” which is re-
lated to the Landau criterion, see below) applies to the
above experiment. Thus, it is an important step towards
the observation of Hawking radiation, but not more.
Even in the frame of the pulse, the system is not time
independent – the pulse itself lasts only a brief time
(shorter than the time scale set by the surface gravity,
i.e., Hawking temperature, see below) and has space-
time dependent sub-structure (due to the difference be-
tween the phase velocity of the radiation creating the
pulse and the speed of the pulse itself). In the frame
of the pulse, the photons co-moving with the pulse sat-
isfying Eq. (1) in [1] approach zero frequency due to
ωpulseframe ≈ ω
lab
frame − vpulse · k, making the creation of par-
ticles by that time dependence easy from an energetic
point of view. (Momentum conservation is another mat-
ter.) In fact, Eq. (1) in [1] is closely related to the Landau
criterion for particle creation ωpulseframe = 0.
Second, there is no exponential tearing (or com-
paction) by the “horizon”. Since the group velocity of
the photons under consideration is always smaller than
the speed of the pulse [1], it just passes through them
(i.e., there is no “group velocity horizon”). As an in-
structive example, consider the dispersion relation of a
massive particle ω2 = c2k2 +m2c4/~2. As in the exper-
iment [1], the phase velocity ω/k > c is larger than the
group velocity dω/dk < c and a perturbation with v > c
would have phase horizons but no group horizons. In a
suitable Lorentz frame, this corresponds to an instanta-
neous, time-dependent perturbation with no horizon.
Third, the condition ωlabframe−vpulse ·k = 0 applies only
to waves (in the frequency range of interest) which are
moving in the same direction as the pulse. Thus Hawking
radiation would also occur in this direction only. How-
ever, the authors of [1] observed photons at 90 degrees
to the propagation direction of the pulse. The unpolar-
ized nature of the observed radiation seems to rule out
scattering of co-moving radiation as a source.
As a fourth an final point, we note that the inter-
pretation of this emission as Hawking radiation yields
Hawking temperatures which are far too low to explain
the observations. Even if the spectrum was deformed
by dispersion and no longer Planckian, the following
estimates for the energy and number of emitted pho-
tons would still yield the correct orders of magnitude.
In the frame of the pulse, the Hawking temperature
would be given by the gradient of the speed of light c
in the medium THawking = ~|∂c/∂x|/(2pikB) which yields
~|∂δn/∂x|/(2pikBn
2), where n = 1/c is the refractive in-
dex and δn its change due to the Kerr effect. Since the
non-linearity δn is quite small δn ≈ 10−3, this temper-
ature could only create the observed photons at around
800 nm if one assumed that δn changes on a sub-nm
length scale, which seems unrealistic given that the wave-
length of the photons generating the pulse is around
1000 nm. Note that the transformation to the lab frame
increases the frequency (though not the number) of the
photons emitted in forward direction, but this Doppler
shift does not apply to any photons emitted to the side.
In addition, the Hawking effect would correspond to
thermal radiation where the number of particles created
goes as σAT 3Hawking(∆ϑ)
2. Here A ∼ L2 is the area of the
horizon and ∆ϑ is the solid angle into which the radia-
tion is created. Both are very small: due to the “phase
horizon” condition, one has ∆ϑ = O(10−2 rad) and the
core size L of a Bessel pulse with 7◦ is a few µm. To-
gether with THawking ∝ δn ≈ 10
−3, one obtains estimates
for the number of created particles which are several or-
ders of magnitude too small to explain the data. An
even simpler perturbation theory estimate for the max-
imum number of photons emitted per unit time scales
with (δn)2, showing serious difficulties with the interpre-
tation as a stationary quantum process. Nevertheless, we
admire the experimental technique of [1] and we think
that such a set-up may well provide the first observation
of spontaneous Hawking emission in an analogue system.
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